
 

Clin Exp Immunol 2004; 

 

135

 

:1–8 doi:10.1046/j.1365-2249.2004.02310.x

© 2004 Blackwell Publishing Ltd

 

1

 

Blackwell Science, Ltd

 

Oxford, UK

 

CEIClinical and Experimental Immunology

 

1365-2249Blackwell Publishing Ltd, 2003

 

135

 

1

 

18
Original Article

J. E. Gudjonsson 
et al.
 Immunopathogenic mechanisms in psoriasis

 

Correspondence: Helgi Valdimarsson, Department of Immunology,
Landspitali University Hospital, 101 Reykjavik, Iceland.

E-mail: helgiv@landspitali.is

 

REVIEW

 

Immunopathogenic mechanisms in psoriasis

 

J. E. GUDJONSSON*, A. JOHNSTON*, H. SIGMUNDSDOTTIR* & H. VALDIMARSSON* *

 

Department of Immunology, 
Landspitali University Hospital, University of Iceland, Reykjavik, Iceland

(Accepted for publication 16 September 2003)

 

SUMMARY

 

Psoriasis is a common autoimmune skin disease characterized by T cell-mediated hyperproliferation of
keratinocytes. The disease has a strong but complex genetic background with a concordance of approx-
imately 60% in monozygotic twins, and recent linkage and high resolution association studies indicate
that HLA-Cw*0602 is itself a major susceptibility allele for psoriasis. Patients carrying this allele have
been shown to have different clinical features and earlier age of disease onset, and patients homozygous
for this allele have about 2·5 times higher disease risk than heterozygotes. Published data indicate that
CD8

 

+

 

 T cells may play a major effector role in psoriasis. Epidermal infiltration of predominantly oli-
goclonal CD8

 

+

 

 T cells, and probably also of CD4

 

+

 

 T cells in the dermis, is a striking feature of chronic
psoriasis lesions, indicating that these cells are responding to specific antigens. We argue that CD4

 

+

 

 T
cells are essential for initiating and maintaining the pathogenic process of psoriasis but that cross-
primed CD8

 

+

 

 T cells are the main effector cells responding to antigens in the HLA-Cw*0602 binding
pocket of keratinocytes. It is further proposed that CD8

 

+

 

 T cells are involved in the control of the Th1
polarization, which is observed in psoriasis lesions, through a complex interplay between CD4

 

+

 

, CD8

 

+

 

T cells and cross-presenting dendritic cells. It is also suggested that spontaneous remissions or fluctu-
ations in disease activity may be determined by a balance within the lesions between effector and sup-
pressor CD4

 

+

 

 and CD8

 

+

 

 T cells.
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INTRODUCTION

 

Psoriasis is a common inflammatory skin disease characterized by
T cell-mediated hyperproliferation of keratinocytes. The disease
has certain distinct but overlapping clinical phenotypes including
chronic plaque lesions (psoriasis vulgaris), acute and usually self-
limiting guttate type eruptions, seborrhoeic psoriasis, pustular
lesions, and at least 10% of these patients develop arthritis [1].
The disease has a strong but complex genetic background with a
concordance of approximately 60% in monozygotic twins [2].
Psoriasis vulgaris is genetically not a homogenous disease, and
distinct clinical subphenotypes of the disease seem to be depen-
dent on different genetic components [Karason 

 

et al.

 

 unpublished
observation]. Interestingly, psoriasis is the only chronic inflamma-
tory disease that has a strong association with HLA-C, and about
two-thirds of the patients carry the HLA-Cw*0602 allele com-
pared to 10–15% in the population at large. Recent linkage and
high resolution association studies strongly indicate that HLA-

Cw*0602 is itself a major susceptibility risk allele for psoriasis [3].
Patients carrying this allele have been shown to have distinct clin-
ical features including an earlier age of disease onset [4,5]. Fur-
thermore, individuals who are homozygous for the HLA-
Cw*0602 allele have about 2·5 times higher disease risk than het-
erozygotes [6]. Although chronic plaque psoriasis is likely to be
somewhat heterogeneous with respect to genetic and pathogenic
components, available evidence indicates a final common patho-
genic pathway involving specific antigen recognition by T cells
that results in stimulation of keratinocyte proliferation [7]. The
predominance of CD8

 

+

 

 T cells in the epidermis of psoriatic
lesions is a striking feature in psoriasis, while CD4

 

+

 

 T cells are
predominant in the upper dermis [8,9].

In normal skin the ratio of proliferating to nonproliferating
keratinocytes, is around 60% [10] whereas in psoriasis it is
almost 100%, and the mean cell cycle time is reduced from 311
to 36 h in psoriatic lesions [11]. It has been suggested that this
keratinocyte hyperproliferation is not restricted to the basal cell
compartment containing the stem cells, but may also involve
suprabasal cells [12]. Besides the increased proliferation of
keratinocytes observed in psoriasis there are distinct changes in
the expression of various keratins, mainly involving the type I
keratins, K16 and K17, that are not expressed in normal
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epidermis except for K17 which is present at a low level in nor-
mal hair follicles [13].

 

INVOLVEMENT OF 

 

b

 

-HAEMOLYTIC STREPTOCOCCI

 

Although many environmental factors have been implicated,
throat infection with 

 

b

 

-haemolytic streptococci is the only well
defined external trigger that has convincingly been associated
with initiation and acute exacerbation of psoriasis [14, 15, 16],
especially in patients who carry the Cw*0602 allele [4,17]. Strep-
tococcal superantigens have been shown to induce cutaneous
lymphocyte associated antigen (CLA) expression by T cells
[18,19], thereby facilitating T cell migration into the skin.
Although streptococci have traditionally been viewed as extracel-
lular pathogens they are able to invade several eukaryotic cell
types including squamous epithelium and macrophages [20,21],
and this has been associated with persistent streptococcal carriage
and recurrent infections [22]. Protective immunity against strep-
tococci is therefore likely to be dependent on both CD4

 

+

 

 and
CD8

 

+

 

 T cells. It is of interest, in this context, that both CD4

 

+

 

 and
CD8

 

+

 

 T cells isolated from psoriatic skin lesions have been shown
to be respond to crude streptococcal antigens [23,24].

In psoriasis, the importance of effector/memory T cells is now
generally recognized [25], but it remains to be elucidated where
the effector T cells are activated. It has been observed that CLA 

 

+

 

T cells, especially the CD8 

 

+

 

 subpopulation, resides within the
tonsils in higher frequency than in blood or abdominal lymph
nodes and selective homing of CLA 

 

+

 

 T cells into the tonsils is
unlikely as endothelial expression of E-selectin is very low in the
tonsils [Thorleifsdottir 

 

et al.

 

 unpublished observation]. Further-
more, high frequency of clinical remission of psoriasis has been
reported after tonsillectomy [26,27]. It is therefore tempting to
argue that the priming of the effector and memory T cells that
cause psoriasis, especially the guttate variant, may at least to some
extent take place in the tonsils, which interestingly is the only
mucosal lymphoid organ lined with stratified epithelium [28].

 

PSORIASIS IS A T CELL-MEDIATED DISEASE

 

Although a case report in 1979 suggested that cyclosporin A
could clear psoriasis [29], this disease was generally considered
to be a primary disorder of keratinocytes in the early eighties. A
direct role of T cells in the pathogenesis of psoriasis was first sug-
gested in 1983 [30], and it was independently demonstrated that
the eruption of psoriatic skin lesions coincided with epidermal
influx of dendritic cells (DCs) and T cells [31] and that resolution
of psoriatic lesions during phototherapy was preceded by deple-
tion of T cells, especially from the epidermis [32]. The efficacy of
cyclosporin A in psoriasis was subsequently confirmed in two
independent studies [33,34] and trials with anti-CD4 monoclonal
antibodies [35] and an interleukin-2-toxin conjugate [36] further
supported that psoriasis is a T cell-mediated disease. These T
cell-specific treatments resulted in the normalization of the kera-
tinocyte proliferation and epidermal thickening. The key role of
T cells in psoriasis was conclusively demonstrated in 1996 when
psoriatic lesions were induced by injecting autologous T cells
into uninvolved psoriatic skin transplanted to SCID mice [37]. It
was further shown in this model that psoriatic lesions could be
induced by injecting purified CD4

 

+

 

 T cells into uninvolved psori-
atic skin but no changes were seen when purified CD8

 

+

 

 T cells
were injected [38]. Although CD4

 

+

 

 T cells therefore seem to be

essential for initiating psoriatic lesions, CD8

 

+

 

 T cells may also
have an important role in the pathogenic process as uninvolved
psoriatic epidermis contains an increased number of CD8

 

+

 

 T
cells that may be able to proliferate locally with the help of IL-7
and IL-15 [39,40], cytokines that are produced by keratinocytes
[41].

 

THE CYTOKINE NETWORK IN PSORIASIS

 

The Th1 cytokines IL-12 [42], IFN-

 

g

 

 and TNF-

 

a

 

 are predominant
in psoriatic lesions [43]. IFN-

 

g

 

 is produced both by CD4

 

+

 

 and
CD8

 

+

 

 T cells, and it may be a central cytokine in psoriasis as
lesions can be induced by intradermal injection of IFN-

 

g

 

 [44].
DCs and keratinocytes can also produce large amounts of other
cytokines and chemokines. Thus, IFN-

 

g

 

 and TNF-

 

a

 

 can induce
keratinocytes to produce IL-6, IL-7, IL-8, IL-12, IL-15 IL-18,
TNF-

 

a

 

 and a multitude of other cytokines and growth factors
[41]. IL-18 acts on DCs synergistically with IL-12 [45], which is
also produced by the DCs, thereby greatly increasing the IFN-

 

g

 

production. IL-17, which is produced by activated CD4

 

+

 

 T cells,
synergizes with IFN-

 

g

 

 to enhance the production of pro-inflam-
matory cytokines by human keratinocytes [46], including IL-6
and IL-8, thereby increasing the influx of T cells to the skin. In
this way the cytokine network in psoriasis can become a self-
sustaining process (Fig. 1).

Autocrine TGF-

 

a

 

 [47], IL-20 [48], IFN-

 

g

 

 [49] and other cytok-
ines [49], cause keratinocyte hyperproliferation, and IFN-

 

g

 

 and
IL-15 increase the apoptotic resistance of the keratinocytes
[50,51]. With Th1 cytokines, such as IL-23 and IL-27, being
recently identified, the cytokine network in psoriasis will become
increasingly complex. The exact role of TNF-

 

a

 

 in the pathomech-
anism of psoriasis is still unclear, but anti-TNF-

 

a

 

 therapy is highly
effective in psoriasis [52] indicating that this cytokine has,
together with IFN-

 

g

 

, a central role in the pathogenesis. Chemok-
ines, produced by keratinocytes and inflammatory cells, are an
integral part of the immune-mediated cascade in psoriasis, mainly
in the recruitment, compartmentalization, adhesion and traffick-
ing of leucocytes in the disease process [53]. The interplay
between these and other cytokines and growth factors generated
in psoriasis lesions can explain most of the clinical features of pso-
riasis, such as the hyperproliferation of keratinocytes, increased
neovascularization and inflammation. Determining which cytok-
ines and chemokines play a central role in the disease process, is
an ongoing challenge which may provide interesting therapeutic
targets in the future.

 

IS PSORIASIS AN AUTOIMMUNE DISEASE?

 

Acute guttate psoriasis is often self-limiting and reflects an abnor-
mal immune reaction to streptococcal throat infection. Chronic
plaque psoriasis, however, behaves like most autoimmune dis-
ease, being characterized by a chronic but fluctuating HLA-linked
inflammatory process. In contrast to other autoimmune diseases
that are mostly linked to certain class II HLA alleles, psoriasis is
the only known chronic inflammatory disease that has the stron-
gest association with an HLA-C allele. Thus, over 60% of psori-
asis patients carry the HLA-Cw6 allele, and the predominance of
oligoclonal CD8

 

+

 

 T cells in lesional epidermis [54] suggests that
the pathogenic process is driven by autoantigen(s), that may be
presented by HLA-Cw6 in those patients who carry this allele.
The CD4

 

+

 

 T cells in stable lesions are also likely to be oligoclonal
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[55], further supporting the notion that chronic psoriasis is an
antigen driven disease.

It has been reported that patients with chronic plaque psoriasis
can experience an exacerbation after streptococcal throat infec-
tion [56], and we have previously postulated that psoriasis is medi-
ated by T cells that cross-react with epitopes which are common to
streptococcal M proteins and those keratins that are up-regulated
in psoriatic lesions [57]. Streptococcal M proteins have extensive
amino acid sequence homologuey to type I keratins [58–60],
including keratins 14, 16 and 17. Interestingly, these keratins are
usually only expressed at low levels or not at all in normal skin but
are up-regulated during inflammation or trauma [61]. T cell
responses against certain amino acid sequences that streptococcal
M proteins share with these keratins have been shown to be
increased in patients with active psoriasis but absent during disease
remissions [59,60]. Furthermore, CLA 

 

+

 

 CD8

 

+

 

 T cells in HLA-
Cw*0602 positive psoriasis patients with an active disease showed
IFN-

 

g

 

 responses against the homologueous sequences present
both in keratins and M proteins while nonpsoriatic HLA-Cw*0602
positive controls only responded to peptides from the M protein
[Johnston 

 

et al.

 

 unpublished observation]. This indicates that
patients with active psoriasis have a recirculating subset of skin
homing CD8

 

+

 

 T cells that react specifically to keratin peptides.

 

DO CD8

  

++++

 

 T CELLS HAVE AN IMPORTANT ROLE IN 
THE PATHOGENESIS OF CHRONIC PSORIASIS?

 

As previously stated, psoriasis is characterized by hyperprolifer-
ation of keratinocytes. It should be reiterated in this context that

at least 80% of the T cells in chronic lesional epidermis are of the
CD8 phenotype, and while most of the epidermal CD8

 

+

 

 T cells
associate closely with keratinocytes, the relatively few epidermal
CD4

 

+

 

 T cells preferentially adhere to dendritic cells [57,62]. Fur-
thermore, an increase in CD8

 

+

 

 T cells has been observed in the
epidermis of uninvolved skin of psoriasis patients, and eruption
of psoriatic lesions is associated with epidermal influx and activa-
tion of CD4

 

+

 

 T cells [31,63]. Thus, although psoriatic lesions
could only be induced with purified CD4

 

+

 

 T cells in the SCID
model [38], the striking predominance of CD8

 

+

 

 T cells that was
observed when the grafts had become lesional [38] indicated that
resident CD8

 

+

 

 T cells had proliferated during the pathogenic
process. It is interesting in this context that IL-7 and IL-15 stim-
ulate the proliferation of CD8

 

+

 

 but not CD4

 

+

 

 T cells [40], and
that both these cytokines are abundantly produced by kerati-
nocytes [41]. Furthermore, oligoclonality has predominantly
been observed for the CD8

 

+

 

 T cell population in lesional epider-
mis as judged both by the V beta repertoire [64] and sequence
length of CDR3 [65]. This indicates that the CD8

 

+

 

 T cells are
responding to specific antigen(s) in the psoriatic lesion with the
help of CD4

 

+

 

 T cells that are probably also antigen specific [55].
It is therefore unlikely that nonspecific NK activity of CD8

 

+

 

 T
cells has a major pathogenic role [65]. Taken together these
observations suggest that while the CD4

 

+

 

 T cells may be neces-
sary for providing critical inductive and helper signals, the CD8

 

+

 

T cells are likely to be the principal effector agents in the patho-
genesis of psoriasis. Thus, interaction of CD4

 

+

 

 T cells with anti-
gen-presenting cells, both in the dermis and epidermis, could
create the microenvironment required for the activation and

 

Fig. 1.

 

The cytokine network in psoriasis in mainly characterized by Th1 cytokines such as IFN-

 

g

 

, IL-12 and TNF-

 

a

 

. Major cytokine
producers in the lesions are DCs, CD4

 

+

 

 and CD8

 

+

 

 T cells and keratinocytes. IFN-

 

g

 

 and TNF-

 

a

 

 induce keratinocytes to produce IL-6, IL-
7, IL-8, IL-12, IL-15, IL-18 and TNF-

 

a

 

 besides multitude of other cytokines, chemokines and growth factors. IL-18 acts on DCs synergis-
tically with IL-12, to increase the production of IFN-

 

g

 

. IL-7 and IL-15 are important for the proliferation and homeostatic maintenance of
the CD8

 

+

 

 T cells. IL-17 which is produced by activated CD4

 

+

 

 T cells, synergizes with IFN-

 

g

 

 to elicit further production of pro-inflammatory
cytokines by the keratinocytes. In this way the cytokine network in psoriasis can become a self-sustaining process.
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local proliferation of CD8

 

+

 

 T cells in the epidermal compartment
of psoriatic lesions.

Why then is apoptosis of keratinocytes not a prominent fea-
ture of psoriasis? Keratinocytes from psoriatic skin have an
increased capacity to resist the induction of apoptosis compared
with keratinocytes from normal skin [66], and this effect may be
due to some of the inflammatory cytokines found in psoriatic skin,
such as IFN-

 

g

 

 and IL-15 [50,51]. Furthermore, soluble or surface
expressed HLA-G in the epidermis may also have a role in pre-
venting apoptosis [67].

 

WHY CAN TREATMENT WITH ULTRAVIOLET 
LIGHT (UVB) INDUCE RELATIVELY LONG-TERM 

REMISSION OF PSORIASIS?

 

Unlike treatment with cyclosporin A or methotrexate where dis-
ease exacerbation usually occurs within a few days after discon-
tinuation, it is not uncommon for psoriasis patients to go into
remission for several months after treatment with UVB irradia-
tion. It has been demonstrated that T cells are about 10-times
more sensitive than keratinocytes to UVB induced apoptosis [68].
The extended remission achieved by UVB treatment may there-
fore reflect apoptosis of psoriasis specific epidermal CD8

 

+

 

 T cells
that are preferentially exposed to the UVB irradiation. Although
UVB irradiation also induces apoptosis of epidermal dendritic
cells (DCs) [69], it has been shown that the epidermis is replen-
ished by blood borne DCs within two weeks after UVB exposure
[70]. The long remission commonly achieved by UVB treatment
in psoriatic patients is therefore more likely to be due to depletion
of specific epidermal CD8

 

+

 

 T cells than dendritic cells.

 

HIV INFECTION AND CD8

  

++++

 

 T CELLS IN PSORIASIS

 

The relative importance of the CD8

 

+

 

 T cell subset in the patho-
genesis of chronic psoriasis can explain why psoriasis can worsen
dramatically in HIV infected individuals with relative few circu-
lating CD4

 

+

 

 T cells [71], and improves with effective anti-
retroviral therapy [72]. It should be pointed out in this context
that some of the CD4

 

+

 

 T cells that infiltrate psoriasis lesions
might be CD4

 

+

 

 CD25 

 

+

 

 regulatory T cells although no data have
so far been reported in support of that. Interestingly, it has
recently been shown that the regulatory CD4

 

+

 

 CD25

 

+

 

 T cells
restrict memory CD8

 

+

 

 T cell responses as depletion of the
CD4

 

+

 

 CD25 

 

+

 

 regulatory cells is associated with at least a 10-fold
expansion of the CD8

 

+

 

 T cell population [73], and an increase in
the activity of the CD8

 

+

 

 T cell population has been observed in
HIV infected individuals [74]. Thus, the exacerbation observed in
HIV positive psoriasis patients might, at least in part, be due to
depletion of the regulatory CD4

 

+

 

 T cells and a subsequent
enhancement in the activity of CD8

 

+

 

 T cells. Predictably, if CD4

 

+

 

T cells can both stimulate and restrain the CD8

 

+

 

 T cell responses,
a near depletion of the CD4

 

+ T cell population, as happens in full-
blown AIDS, will lead to remission of psoriasis [75,76].

HOW HLA-CW6 MAY PLAY A DIRECT ROLE IN THE 
PATHOGENESIS OF PSORIASIS

The HLA-class I molecules, HLA-A, HLA-B and HLA-C, are
ubiquitously expressed whereas HLA-class II genes are normally
only expressed on antigen-presenting cells (APCs). Although
HLA-C molecules have less allele diversity and are expressed at

much lower levels than HLA-A and -B molecules [77], the nature
of endogenous peptides presented by HLA-C molecules both
with respect to anchor motives and peptide diversity, is compara-
ble to that of HLA-A and -B molecules [77]. HLA-C molecules
have also been shown to be involved in cell-mediated cytotoxicity
and to be active as alloantigens [78–80].

HLA-Cw*0602 is strongly linked as ancestral haplotypes to
three HLA-B alleles, B57, B37 and B13, and these haplotypes are
all associated with increased risk of developing psoriasis [81, Gud-
jonsson et al. unpublished observation]. The fact that not all
patients with psoriasis carry HLA-Cw*0602, does not exclude
HLA-Cw*0602 as a causative gene. It is evident from other dis-
eases such as Crohn’s disease, that there can be different genetic
causes for a disease that has been defined as a homogenous clin-
ical entity [82,83]. Furthermore, it should be noted that only 10%
of HLA-Cw*0602 carriers get psoriasis, and only 20–30% of
HLA-Cw*0602 homozygotes [6]. This is much lower than the 60–
70% concordance rate observed in identical twins [2], and
strongly indicates that other genetic factors interact with HLA-
Cw*0602 in causing psoriasis. HLA-Cw*0602 is, however, an
attractive candidate gene because it encodes a protein that can
participate in immune reactions by presenting peptide epitopes to
CD8+ T cells. It is easy to envisage that psoriasis may be a heter-
ogeneous disease, both in terms of genetic predisposition [Kara-
son et al. unpublished observation] and pathogenic mechanisms,
but HLA class I allele(s) that can present psoriasis specific anti-
gens in HLA-Cw6 negative patients remain to be identified and
could be heterogeneous.

MAINTENANCE OF THE TH1 CYTOKINE NETWORK 
AND REGULATORY FUNCTION OF THE CD8++++ T 

CELLS

Beside the Th1 cytokine network in psoriasis, there is evidence for
another mechanism that operates at the T cell – DC level which
can promote a Th1 polarization. It has recently been reported that
the recognition of HLA-class I presented epitopes by antigen-
specific CD8+ T cells results in a TNF-a and IFN-g-dependent
increase in the activation level of DCs, and also induces the mat-
uration of type-1 polarized DCs capable of producing high levels
of IL-12p70 upon a subsequent CD40 ligation [84] (Fig. 2). This
polarization was strongly inhibited by the addition of either anti-
TNF-a or soluble IFN-g receptors, and was greatly enhanced by
direct contact between the CD8+ T cells and the DCs. Interest-
ingly, the exposure of DCs to only IFN-g in the absence of any
maturation stimulation, or TNF-a, did not induce the type-1
polarized DC phenotype, but paradoxically reduced the ability of
DCs to produce IL-12 [84]. Thus, CD8+ T cells and TNF-a may be
of critical importance for the maintenance of the Th1 cytokine
network and explain the marked efficacy of anti-TNF-a treatment
in recalcitrant psoriasis [52] as well as the observed increase in
immature-dendritic cells in lesional biopsies from psoriasis
patients treated with CTLA4-Ig [85].

IS CROSS–PRESENTATION AN IMPORTANT 
MECHANISM FOR THE ACTIVATION OF CD8++++ T 

CELLS IN THE PATHOGENESIS OF CHRONIC 
PSORIASIS?

The process of cross-presentation, involving the uptake by anti-
gen-presenting cells (APCs) of antigens from adjacent cells, may
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be a key mechanism whereby CD8+ T cells are involved in the
pathogenesis of chronic psoriasis. Cross-presentation was first
described in relation to induction of T cell cytotoxicity to minor
histocompatibility antigens [86] and has now been shown to
occur both in the context of HLA-class I and HLA-class II mol-
ecules [87–89]. Dendritic cells are particularly efficient at cross-
presenting antigens and are the only cells that can cross-prime
CD8+ T cells [90]. It should be noted, however, that cross-prim-
ing also has been shown to be dependent on CD4+ T cells [91]. It
has been reported that dendritic cells can take up and cross-
present antigens not only from apoptotic cells [92] but also from
nearby live cells [93,94] (Fig. 2). Cross-presentation is dependent
on a relatively large amount of antigen presented on the surface
of the DCs. Cells that express sufficient antigen to be recognized
directly by an effector CD8+ T cell, may therefore not contain
enough antigen for effective cross-presentation by DCs [87,95].
It is therefore more likely that HLA-Cw*0602 homozygotes,
having twice as many HLA-Cw*0602 molecules on their surface
compared to heterozygotes, can reach the activation threshold
for cross-priming CD8+ T cells to peptides that can be presented
by this HLA-C allele. This may, at least in part, explain why
HLA-Cw*0602 homozygous individuals are about 2·5 fold more
likely to develop psoriasis than HLA-Cw*0602 heterozygotes
[6].

It is of interest in this context that the keratins containing the
putative psoriasis autoepitope(s) are only present in small
amount or not at all in normal skin, but are up-regulated during
inflammation or trauma [96,97], and this increase might be suffi-
cient for effective cross-presentation by epidermal DCs. It is
known that HLA-Cw*0602 is able to present amino-acid
sequences present both in streptococcal M-proteins and type I

keratins [Johnston et al. unpublished observation], a type of
molecular mimicry that is believed to operate in several other
autoimmune diseases [98,99].

Thus, the CD4+ T cells that are closely adherent to the den-
dritic epidermal cells in guttate psoriasis may be able to recognize
cross-reactive streptococcal (and keratin) epitopes on the surface
of the DCs presented by HLA-class II molecules and thereby acti-
vate the DCs through ligation with CD40. The activated DCs may
then in turn be able to activate CD8+ T cells that recognize anti-
gens presented by the DCs HLA-class I molecules [100]. CD4+ T
cells have been shown to be essential for inducing cross-priming
of CD8+ T cells [91], and for maintaining CD8+ T cell effector
function [101]. After being activated in this way by DCs it is
envisaged that the CD8+ T cells can recognize the autoantigen(s)
in the binding pocket of HLA-Cw*0602 on the keratinocytes
themselves (Fig. 2).

It is possible that DCs carrying cross-reactive streptococcal
antigens can migrate from the tonsils into the skin (Fig. 3), as bac-
terial peptidoglycan has been detected within dendritic cells in
nonlymphoid tissues, including brain lesions of multiple sclerosis
patients [102]. In psoriasis such DCs may then mature further, as
described above, through interaction with CD4+ T cells in the
skin, and subsequently induce CD8 effector responses against the
putative psoriasis epitope presented by class I HLA molecules on
keratinocytes (Fig. 2). The responses induced by DCs carrying
bacterial antigen would be expected to be relatively short lived
(e.g. guttate psoriasis) but the development of persistent plaques
would probably require a successful cross-presentation of kerat-
inocyte antigens in the absence of effective regulatory mecha-
nisms. The cross-primed effector CD8+ T cell should then induce
a further maturation and Th1 polarization of the dendritic cells,

Fig. 2. It is proposed that CD8+ T cells together with TNF-a and IFN-g increase the activation level and maturation of DCs (imDC to
mDC). This results in the induction of type-1 polarized mature DCs capable of producing high levels of IL-12p70 upon a subsequent CD40
ligation. Thus, CD8+ T cells may be essential for the maintainance of the Th1 environment, and this tight control of the Th1 pattern in
psoriasis can explain why a Th2 skin disease, such as atopic eczema, very rarely occurs in patients with psoriasis.
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which subsequently migrate to the lymph nodes to recruit more
effector CD4 and CD8+ T cells whereby the self-sustaining cycle
of chronic plaque psoriasis is established (Fig. 3).

As previously mentioned the recognition of the putative pso-
riasis epitope in the binding pocket of HLA-Cw*0602 on kerati-
nocytes does not result in keratinocyte apoptosis, but promotes
instead the release of various pro-inflammatory cytokines with
resulting hyperproliferation of keratinocytes, neutrophil influx
and vascular neogenesis, features that are characteristic for pso-
riatic lesions.

POSSIBLE REGULATORY MECHANISMS IN 
PSORIASIS

As stated previously most guttate psoriasis lesions resolve spon-
taneously, and chronic plaque psoriasis often has a fluctuating
course that is independent of treatment. Early studies showed
that eruption of guttate lesions coincided with epidermal influx
and activation of CD4+ T cells while their resolution was associ-
ated with decreasing numbers of CD4+ T cells and increase in the
numbers of activated CD8+ T cells [31]. This suggests that some-
what different immune mechanisms may operate in acute guttate
and persistent plaque psoriasis. It is relevant in this context that in
addition to the CD4+ CD25+ regulatory T cells, three types of
CD8 + suppressor T cells are currently being studied in humans
[reviewed in 103]. It is therefore possible that the majority of the
CD8+ T cells observed in resolving guttate lesions are suppressor
T cells that can switch the pathogenic process off before effective
cross-presentation of autoantigen(s) is achieved. It can also be
envisaged that a balance could exist in all types of psoriatic lesions
between effector and suppressor CD4+ and CD8+ T cells, and that

changes in this balance may be involved in fluctuations of disease
activity and spontaneous remissions of chronic lesions. Further-
more, as the great majority of patients with guttate psoriasis carry
the HLA-Cw6 allele, and patients with chronic psoriasis who
carry this allele have a more fluctuating disease course than those
patients who are Cw6 negative [4], it is possible that these puta-
tive regulatory mechanisms are more active in psoriasis patients
who carry the genetic constellation associated with the HLA-Cw6
allele. It should not be difficult to test this possibility for a disease
like psoriasis in which longitudinal tissue samples can easily be
obtained.

CONCLUSIONS

To conclude, it has been demonstrated that psoriasis is an immu-
nological disease and recent data indicate that HLA-Cw*0602
may play an important pathogenic role in the majority of the pso-
riasis patients. CD4+ T cells are necessary for inducing and main-
taining the disease, whereas it is argued that cross-primed
antigen-specific CD8+ T cells recognizing autoantigen(s) are the
main effector cells. It is also envisaged that CD8+ T cells are
involved in the control of the Th1 polarization that is observed in
psoriasis lesions, and that fluctuations in the severity of psoriasis,
and even the spontaneous remissions that are common in guttate
psoriasis, can be explained by changes in the balance between
CD4+ and CD8 + effector and regulatory cell subsets.
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